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The Pharma Value Chain
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* Build a library of gene/protein (genome/proteome) sequences to mine
for information

* Look for genes known to cause a disease

* Look for genes associated with a disease

* Look for genes in pathways unique to the disease

Courtesy of Doug Kalish



The Pharma Value Chain

Gene or Target Target Lead Pre- Clinical  Clinical  Clinical Manufac Postmarket
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Sequencing
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v
Look for proteins or mRNA expressed (or not) in a disease.
Comparative gene expression assays, Comparative proteomic profiles.
Look for genes and gene modifications associated with a disease.
Look for proteins or protein modifications associated with a disease.
Look for metabolic pathways essential to the disease.

Look for cell signaling pathways required for disease process.

Look for genes/proteins essential for infectious agent and distinct
from host genes/proteins. Courtesy of Doug Kalish




The Pharma Value Chain

Gene or Target Target Lead Pre- Clinical  Clinical Clinical Manufac Postmarket
Genome  piceovery Validation Discovery Clinical PhaseI  PhaseIl Phase Il  -turing Monitoring
Sequencing

v
*  Molecular level

* Screen enzyme inhibitors or activators or antibodies to enzyme
* Cellular Level
* Verify the involvement of the protein in the disease state
(often use gene silencing siRNAs).
* Understand the protein pathways protein complexes and
protein-protein interactions.
* Organismal level
* Verify critical nature of target and uniqueness.

Courtesy of Doug Kalish



The Pharma Value Chain
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Discover leads that affect the target gene, protein or pathway

Inhibit defective protein

Activate a normal protein

Inhibit expression of a protein/pathway

Activate expression of required protein/pathway
Stimulate protein modifications or cellular location

Courtesy of Doug Kalish



The Pharma Value Chain

Gene or
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Target Target Lead Pre- Clinical  Clinical Clinical Manufac Postmarket
Discovery Validation Discovery Clinical Phasel Phasell Phaselll -turing Monitoring

<
Evaluate leads to ‘cure’ the problem, e.g.:

Replace missing or defective protein with gene therapy
Anti-sense or siRNA to prevent protein expression
Antibody to remove or inhibit protein target
Stimulation of synthesis to replace or activate protein
Stimulate protein modification or cellular location

Courtesy of Doug Kalish



Drug Discovery Methods

® Screening natural compound collections

Courtesy of Doug Kalish



Natural Compound Collections
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Drugs Derived from Wild Plants
Plant Location Drug Use

Wilow  Worldwide Aspirin Fever and pain
Cinchone  Tropics Quinine Malaria

o i Madagascer  Vincristne  Leukemia

I'}:m s Madagascar Vinblastine  Hodgkin's disease
Pacific Yew Pacific Northwest Taxol Ovarian cancer
?:"gp”p"; Eurasia,Afica  Morphine  Pain

Curare Amazon Tubocurarine Muscle relaxant
Snakercot  India Reserpine  Hypertension

Foxglove  Eurasia,Afica  Digoxin Cardiac arrhythmia
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Dz hernical LoetioniCTlhinical Use Plant Source
Acetyldigoxan Cardio tonic Dhpitelis lanaic
Ldoniside Crardio tonic Adonis vernalis
escin A nti- mtlarnroatorsy Aeseulus hippoce sfanuem
Lezculetin Anti-dyrsentersy Frazimus rhychop hylla
Aoimophol Arnthelrnintic Agrimonie supaforia

A jrmalicine Circulatory Disorders Rauvolfia sepenfing
Allantoin Wualne rary Several planis

L1+ isothiocsranate Fabefacient EBrassica nigra

Arabe sine Skeletal romscle relawant Ancbasis sphyfia
Arndrographolide Baccillary dyrse ntersr Andrographis paniculaic
Arisodarmire Anticholinergic Anisodus fanguficus
Arisodine Anticholinergic Arnisodus fanguficus
Arecoline Anthelrnintic Areca cafechu
Agiaticoside Walne rary Centelle asigfion
Atropine Anticholinergic Afropa befladonnag
Benzvwl benzoate Scabicide Savaral planiz
Berberine Bacillary dyrsenteryr Berberis valgaris
Bergenin Antitnssme Ardisia japonica
Betulinic acid Anticancerons Befula alba

Borneol Antipyretic, analgesic, antiinflarenatorsy Several planis

Brorne lain A nti- inflarnrnato sy, proteo lytic Anenaes comosus
Caffeine CHS stiranlant Clamellia sinensis
Carnphor Fubefacient Cinne momum camphora
Carptothecin Anticancerous Campiotheca ceumingta
(+H)-Catechin Haernostatic Pofantilla fieperioides
Chyroop apain Froteolytic, roucolytic Clrrica poapoic
Clissarnpeline Skeletal rmuscle relawant Cissempelos pareira
Cocaine Local anaesthetic Eryithroxplum coca
Cocde v Bnalge sic, antit ussroe Fapaver somniferum
Colchiceine arnide Antituraor agent Colehicum qufumnale
Colchicine Antiturnor agent, anti-gout Colehicum qufumnale
Cormallatozdn Cardio tonic Comvallaria majalis
Charc utnin Chole retic Cureuma fonga
Crrmarin Chole retic Chnara scolwrnus

Diant hron Laxatrre Clssia species
Demecolcine Antiturnor agent Colchicum quiumncle
Dezerpidine Antihy pertensmve, tranguillizer Fauvolfiz cane scens
Deslanoside Cardio tonic Dhpdfalis Ianakie
L-Dopa A nti- parkinso nismm Iueung sp

Digitalin Cardio tonic Ihpifalis pur purea
Digitozdn Cardio tonic Ihgifaliz pur purea
Digozan Cardio tonic Dhpgdfaliz pur puras
Ernetine Arnoebicide, ermetic Cepheelis ipecacuanha
Ephedrine Syrapathorimetic, antihist arnine Ephodrae sinica
Etoposide Antiturmor agent Podop h@f&'ﬁr{zjaeh‘amm
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DirugChernical ActioniClinical Use Plant Sonrce

Gossypal Male contrace ptive Fossp pium specias Pl antS
Hermsle yadin Bacillary dysentery Hemslapa amahilis
Hesperidin Capillary fragilitsy Cifrus specigs
Hryridrastine Hemostatic, astringent Hydrastis canadensis
Hryroscy atuine Anticholinergic Hyoscyamus niger
[rinote by nticancer, antiturmor agent Campiotheca acuminaia
Klaihic acnd By gearicide Digenea simplex
Kawain Tranguillizer Fiper methpsticum
Kheltin Bronchodilator Ammi visaga
Lanatosides & B, Carcio torde Diitalis Ianata
Lapachaol Anticancer, antituraor Tebebuia sp.

a-Loheline Sraoking deterrant, respiratony stimulant Lobalia iflata
Ilenthol Rubefacient IMentha species

Ilethyl salicylate Rabefacient Gaultheria procumbens
Ilonocro taline Antituraot agent (topical) Crofalaria sessiliflora
Ivlorp hing Analgesic Papaver somnifarum
HMeoandrographolide Diyzentery Andrographis paniculata
Micotine Insecticide Micofiana fabacum
HMordibydroguaiaretic acid S ptiozidant Larrea divaricata
Hoscapine Antitussive Papaver somniferum
Cmahain Cardio tonde Strophanfhus prafus
Pachycarpine Crortocic Sophora pschycarpa
Palmatine bntipyretic, detoxdeant Copfis japonica

Papain Froteolytic, raucolytic Carica papapa
Paparrarine Sraooth rmuscle relaant Papaver sommiferum
Fhyllodulein Swreetner Hydran gea macrop hplia
Fhysostiguine Cholinesterase [nhibitor Phyzesfigma venenosum
Ficrotomn Analeptic Anamiria cocculus
Filocarpine Paras yrpathoradretic Pilocarpus faborandi
Pirdtol Expectorant Saveral plants
Podophyllotaxin by ntiturmor anticancer agent Podop hylium palfatum
Protoveratrines &, B I ntihypertens fves Faratrum album
Prendoephredrine® Syrpatho raietic Ephedra sinica
Peendoephediine, nor- Swyrrpatho rirnetic Ephedra siica
Cindding A ntiaryhyrtheaic Cinchona ledgeriana
Quinine by ntivnalarial, antip yretic Cinchona ledgariana
Qulseualic acid b nthelmintic Chiisqualis indica
Fescinnarmine B ntihy pertensive, tranguillizer Rauvolfia serpe nting
Beszerpine Antiby pertensive, tranguillizer Rauvolfia serpeniing
Bhoraitoxn Antihy pertensive, tranguillizer Rhododendron molle
Rorifone buntitussive Rorippa indica
Rotenone Piscizide, Insecticide Lonchocarpus micou
Fotundine I nalagesic, sedatTve, traguillizer Stephania sinica

Ratin Capillary fragility Cifrus specigs

Salicin Analgesic Ay alba

SAnTITATING Diental plague inhibitor Sanpuinaria cane densiz
Santonin by gearicide Arfamizia marifma
Scillarin & Cardio toniz Urginea marifima
Scopolarmine Sedative Dyfura specigs
Sermoszides &, B Laxatmee Cazsla species
Silyraarin Antihepatotoxs Silpbum marianum
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Drugs Derived from Wild Plants

Dz Cheracal LetioniCliracal nse Plant source

atesnoside Swreetrer Stevia rebaudiang

atryc hone CHS stirmulant Strpe hnos nux-vomica

Tl Lrtituraor agent Taxus brevifblia

Teniposide Lntituraor agent Podop hyilum pelfahom

o~ Tetrahydrocannabmol {THC) Artieraetic, decrease occular tension Cannahiz safiva
Tetrahydropaliatine Lnaleesic, sedative, tragqmllizer Corydalls ambipia
Tetrandrine Lntibrrpe renstve Stephania fefrandra
Theohrorne Diuretic, wrasodilator Theobroma eaedo
Theophylline Dinretic, brochoddator Theobromea cacao and ofhers
Tharranl Lntitungal (topical) Thymus vulgaris

Topotecan Lntitumor, anticancer agent Campiotheca qecumingia
Trchosantlon Lbortifacient Tricho santhes kv ilowd
Tubocuranne Skeletal rmacle relavant Chendo dendron fomenfosam
Valapotniates Sedatree Faleriana officingliz

Vasicine Cerebral stirmulant Hnea minor

Vinblastine Lntitumor, &ntileukerac agent Ciatharanfhus roseus
Vincristine Lrntitumor, &ntileukeruc agent Catharanthus roseus
Foharabine L& phrodisiac Pausinpsialia yo himbe
Tuanhuacine Lhortifacient Daphne penlwa

© Doug Brutlag 2015



Natural Compound Library Screening

© Doug Brutlag 2015



Drug Discovery Methods

® Screening natural compound collections
® Screening corporate compound collections
* [n silico screening (Autodock)

Courtesy of Doug Kalish



In silico screening with Autodock

Gleevec (Imatinib) bound to BCR-AbI Protein
© Doug Brutlag 2015



Drug Discovery Methods

. ® Screening natural compound collections
® Screening corporate compound collections
- = ® [n silico screening (Autodock)
® Rational drug design
¢ i
i

Courtesy of Doug Kalish



Rational Drug design for HIV Protease

© Doug Brutlag 2015



Rational Drug Design for HIV Protease

Indinavir bound to HIV Protease
Resistance mutations shown in red and © Doug Brutlag 2015




Drug Discovery Methods

® Screening natural compound collections
® Screening corporate compound collections
= .y :
- ® [n silico screening (Autodock)
® Rational drug design
& ¥ & Combinatorial chemistry
i

Courtesy of Doug Kalish



Combinatorial Chemistry

Split Chemistry Pool

3 Reactions 6 Reactions 9 Reactions
3 (37) Compounds 9 (3%) Compounds 27 (3%) Compounds

© Doug Brutlag 2015



Resin Linker with Code Blocks and
Light Sensitive Cleavage sites
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Combinatorial Chemistry

Split Chemistry Pool

3 Reactions 6 Reactions 9 Reactions
3 (37) Compounds 9 (3%) Compounds 27 (3%) Compounds

© Doug Brutlag 2015



Drug Discovery Methods

® Lead Discovery
o Screening natural compound collections
- o Screening corporate compound collections
o [In silico screening (Autodock)
o Rational drug design
¢ o Combinatorial chemistry

® Lead validation
® Lead optimization

Courtesy of Doug Kalish



ADMET: Ideal Properties of Drugs
Absorption - Passes CI

track into blood stream -
Drug dose

Distribution - Gets to i

target tissue (blood brain y

. Drug in
barrier ) d Syst T g cxtracellular fluid &
rug concentration ETrreTaT e intracellular sites

Metabolism — Not readily

emic
. i Elimination
metab011zed . Drug metabolism;
. ) Drug concentration renal or other routes
Excretion — Not readily at target site of excretion

Secreted l Drug-receptor interaction
. . . Pharmacologic effect
Toxicity — Not toxic to X ¢

. Clinical —p Toxicity
other cells or tissues e
Adapted from Holford MHG, Pharmacokinetics & pharmacodynamics in: Basic and
Clinical Pharmacalogy, Sth ed. Bertrarm Katzundg ed, Mohraw Hill. 2004
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Chris Lipinski’s Rule of Five

Lipinski and his Pfizer co-workers looked over a data set of drug
candidates and noticed that there were some reasonably clear cutoffs for
oral absorption and general cell permeability. They suggested that you
need:

1. Fewer than five hydrogen bond donors (which can be estimated by
counting the total number of OH and NH groups in the molecule.)

2. Fewer than 5 hydrogen-bond acceptors (estimated by the total of N and O
atoms in the molecule.)

3. A molecular weight of less than 500
4. A partitioning coefficient (logP) of less than 5

The “rule of five” name came from the cutoffs all being multiples of five,
in case you are wondering why there are only four rules.

Courtesy of Doug Kalish



The Pharma Value Chain

Gene or Target Target Lead Pre- Clinical  Clinical Clinical Manufac Postmarket

Genome  piceovery Validation Discovery Clinical PhaseI  PhaseIl Phase Il  -turing Monitoring
Sequencing

v
* Animal tests of toxicity and efficacy of therapy
Rodents (mice and rats)
Larger mammals (pigs)
Primates (monkeys and chimpanzees)
Mouse Lemurs (Microcebus)

Courtesy of Doug Kalish



The New Primate: Mouse Lemurs
(Microcebus margotmarshae)

© Doug Brutlag 2015



The Pharma Value Chain

Gene or Target Target Lead Pre- Clinical  Clinical Clinical Manufac Postmarket

Genome  piceovery Validation Discovery Clinical PhaseI  PhaseIl Phase Il  -turing Monitoring
Sequencing

v
Small group of healthy volunteers (10’s) to determine
safety and toxicity. Maybe some members of target group

Courtesy of Doug Kalish



The Pharma Value Chain

Gene or Target Target Lead Pre- Clinical  Clinical Clinical Manufac Postmarket

Genome  piceovery Validation Discovery Clinical PhaseI  PhaseIl Phase Il  -turing Monitoring
Sequencing

v
100’s of patient population to determine efficacy, dosage,
safety

Courtesy of Doug Kalish



The Pharma Value Chain

Clinical Clinical Clinical Manufac Postmarket

Gene or Target Target Lead Pre-
Genome  picovery Validation Discovery Clinical Phasel  Phase Il PhaseIIl  -turing Monitoring
Sequencing

v

1000’s of patients and controls (normals) to determine
efficacy, dosage, safety, side effects, and interactions.
Each prospective patient group (men, women, children,

elderly and ethnic groups)

Courtesy of Doug Kalish



The Impact of Genomics and Bioinformatics
on Drug Discovery Times

_T OTarget ID
2000 [T
[ ] | B Lead ID
1997 T [T
" 50 100 OLead Opt
Number of Months O Discovery

Courtesy of Doug Kalish



EDA FDA Approved New Chemical Entities
- and Biological Derivatives
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http://www.portfoliomanagementsolutions.com/the-organization-of-pharmaceutical-rd/small-molecule-drugs-versus-biomolecular-drugs-biologics/
http://www.annualreviews.org/doi/pdf/10.1146/annurev.med.58.042705.124037
http://www.fda.gov/

\ FDA Approved New Chemical Entities 2014

http:/ /www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess / DrugInnovation / UCM430299.pdf

Number of Novel New Drugs =
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http://www.fda.gov/

@/A\ FDA Approved New Chemical Entities 2015

http:/ /www.fda.gov/Drugs/DevelopmentApprovalProcess / Druglnnovation /ucm430302.htm

CDER New Molecular Entity (NME) and New Biologic License
Application (BLA) Filings and Approvals

50

#*
41 41 41 =

2006
2007
2008
2009
2010
2011
2012
2013
2014
Z015*

Calendar Year
e NME/BLA Approvals —4—NME/BLA Filings
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http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DrugInnovation/ucm430302.htm
http://www.fda.gov/

http:/ /www.fda.gov /Drugs/DevelopmentApprovalProcess / DrugInnovation / ucm430302.htm

=m)/AY FDA Approved New Chemical Entities 2015

Table: CDER New Molecular Entity (NME) and New Biologic License Application (BLA)
Filings and Approvals

. Calendar Year NME/BLA Filings NME/BLA Approvals

2006 26 22
2007 35 18
¢ 2008 34 24
2009 36 26
2010 23 21
2011 41 30
2012 41 39
2013 36 27
2014 41 41
2015* 40 45

© Doug Brutlag 2015
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http://www.fda.gov/

=)y U.S. Food and Drug Administration
http:/ /www.fda.gov/

Search FDA

Recognizing Rare Disease Day 2015
FDA encourages the development of therapies for rare diseases

© Doug Brutlag 2015
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FDA Approved New Chemical Entities 2014

http:/ /www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess / DrugInnovation / UCM430299.pdf

NOTABLE NOVEL DRUGS OF 2014: . "0 @
ANOTHER STRONG YEAR FOR QUALITY _ ACUTE

A LYMPHOBLASTIC 1}
ACUTE BACTERIAL LEUKEMIA »Y ADVANCED

FOA

In addition to the noteworthy examples of innovative First-in-Class

and “orphan” new products mentioned on pages 4 and 5, the 2014 5 3

novel new drug field also includes a variety of other notable drugs. MELANOMA SKIN AND SKIN . Blincyto OVARIAN
These include four type 2 diabetes products, Farxiga, Jardiance, Keytruda CAN CER
Tanzeum, and Trulicity; four antibiotics approved under a Opdivo STRUCTURE L

new incentive plan to advance development, Dalvance, ynparza
Sivextro, Orbactiv, and Zerbaxa; and another new INFECTIONS

hepatitis C drug (in addition to Harvoni), Dalvance

Viekira Pak, a combination of four Sivextro

drugs, three of which are novel Orbactiv
new molecules.

ULCERATIVE
COLITIS AND

IDIOPATHIC LIPODYSTROPHY CROHN'S

FIBROSIS Entyvio
TYPE 2 Esbriet THROMBOTIC
DIABETES Ofev HEPATITIS C CARDIOVASCULAR

: H i
Pure g Vi EVENTS
Tanzeum Zontivity
Jardiance
Trulicity MULTICE C
gl CASTLEMAN'’S 3 TYPES OF

SAC%YHIJ%RII_‘?fﬂs DISEASE BLOOD CANCERS
Sylvant Zydelig

Vimizim
The year’s approvals COMPLICATED

also include Entyvio, a

new drug to treat moderately INTRA"ABDOMINAL
to severely active ulcerative colitis AND URI NARY TRACT LEISHMANIASIS

and Crohn's disease, as well as drugs to Impavido

treat various kinds of cancer, such as Blincyto for GAUCHER IN FECTIONS

patients with acute lvmphoblastic leukemia, Lynparza for N

| certain patients with advanced ovarian cancer, the melanoma DISEASE Zerbaxa i\ IATE"STAGE
treatment Opdivo (in addition to Keytruda), Zydelig to treat patients Cerdelga h o ( MET AST. ATIC)
with three different types of blood cancers, and Zykadia to treat patients : 1
with a certain type of late-stage (metastatic) non—small cell lung cancer. ) : ; ' N ON"SMALL CELL

LUNG CANCER

hh 'ﬂ'ﬂ?}-‘ .5‘ : E k u Zykadia
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INNOVATION

METHODS FOR EXPEDITING INNOVATIVE NOVEL NEW DRUGS TO MARKET

CDER used a number of regulatory methods to expedite the approval of novel new drugs in 2014. These involved
the following four expedited development and review pathways: Fast Track, Breakthrough, Priority Review, and
Accelerated Approval.

FAST TRACK

Seventeen of the 2014 novel new drugs (41%) were designated by CDER as Fast Track, meaning drugs with the
potential to address unmet medical needs. Fast Track speeds new drug development and review, for instance, by
increasing the level of communication FDA allocates to drug developers and by enabling CDER to review portions
of a drug application ahead of the submission of the complete application.

1. BELEODACQ 4. ENTYVIO 7. IMPAVIDO 10. OFEV 13. VIEKIRA PAK 16, ZONTIVITY
2. CYRAMZA 5. ESBRIET 8 MYALEPT 11. OPDIVO 14, VIMIZIM 17. ZYDELIG"
3. DALVANCE 6. HARVONI 9. NORTHERA 12, RAPIVAB 15 ZERBAXA

BREAKTHROUGH

CDER designated nine of the 2014 novel new drugs (22%) as Breakthrough therapies, meaning drugs with
preliminary clinical evidence demonstrating that the drug may result in substantial improvement on at least
one clinically significant endpoint (i.e., study result) over other available therapies. A breakthrough therapy
designation includes all of the Fast Track program features, as well as more intensive FDA guidance on an
efficient drug development program. Breakthrough status is designed to help shorten the development time
of a promising new therapy.

1. BLINCYTO 3. HARVONI 5. OFEV 7. VIEKIRAPAK 9. ZYKADIA
2. ESBRIET 4. KEYTRUDA 6. OPDIVO 8. ZYDELIG'
PRIORITY REVIEW

Twenty-five of the 2014 novel new drugs (61%) were designated Priority Review, in which CDER determined the
drug to potentially provide a significant advance in medical care and set a target to review the drug within six
months instead of the standard 10 months.

1. BELEODAQ_ & ENTYVIO 11. KEYTRUDA 16, OPDIVO 21. VIMIZIM
2. BLINCYTO 7. ESBRIET 12. LYNPARZA 17. ORBACTIV 22. XTORO
3. CERDELGA 8 HARVONI 13. MYALEPT 18. SIVEXTRO 23. ZERBAXA
4. CYRAMZA 9. HETLIOZ 14. NORTHERA 19, SYLVANT 24. ZYDELIG®
5. DALVANCE  10. IMPAVIDO 15. OFEV 20. VIEKIRA PAK 25, ZYKADIA
ACCELERATED APPROVAL

CDER approved eight of the 2014 novel new drugs (20%) under FDA's Accelerated Approval program, which allows
early approval of a drug for a serious or life-threatening illness that offers a benefit over current treatments. This
approval is based on a “surrogate endpoint™ (e.g., a laboratory measure} or other clinical measure that we consider
reasonably likely to predict a clinical benefit of the drug. Once Accelerated Approval is granted, the drug must
undergo additional testing to confirm that benefit; this speeds the availability of the drug to patients who need it.

1. BELEODAQ_ 3. KEYTRUDA 5. NORTHERA 7. ZYDELIG*
2. BLINCYTO 4. LYNPARZA 6. OPDIVO 8. ZYKADIA

2014

"M430299.pdf
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FDA Approved New Chemical Entities 2014

http:/ /www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess / DrugInnovation / UCM430299.pdf

Innovative Methods for Expediting Novel New Drugs to Market
of the 41 Novel New Drugs Approved in Calendar Year 2014

80

60

20

Novel New Drugs Approved
I
L]

Fast Track Breakthrough Priority Review Accelerated App...
(17 Novel New ... (9 Novel New Dr... (25 Novel New ... (8 Novel New D...
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Genetic and Biomarker Followup

But why stop learning_ when the drug_is on the market ?
A proposal to create larger safety and
efficacy databases, assess biomarkers

Monitor the first e.g. 100,000
patients that receive the drug,
collect samples from patients
experiencing an AE and from
matched controls, conduct e.g.
WGA to identify genetic basis
for AE and what could be done
to prevent it in future

Biomarker Characterization

>Exploratnry (Lear> Validation (Confirmatory)

)

Full
Release

Modeling and Simulation

Continuous Interaction with health authorities




